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АВ5ТЕАСТ 


Two helical antennas were designed, fabricated and 
Mmested perat tanks or tracked vehicles to functicn 
«ith a high gain, low profile antenna field pattern 
ко а telemetry system operating at 318 MHZ. The 
electrical properties of the aelical antennas were 
ccmpared to the system's dipole antennas in an attempt 
Pore enhance Әпе operating performances cf the 545 
II/SCORE systen. Field measurements were made under 
Encecceutrolied conditions of an antenna field pattern 
range and while the RMS ІІ system was  cperational. 
Antenna properties of gain, Deanvidtn and efficiercy 
as well as physical size and installaticn locaticns 
MemerecOnsidered fcr possible inclusicno of helical 


antennas in the téiemetry systen. 
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А. ВАСКСЕСОМГ 


The Range Measurement Systen utilizes pulsed 
EHNUO-freguency multilateration to provide rcsition location 
EMcrmaticn from multiple aircraft,  grcund vehicles or 
personnel equipped wit transponders., пра = ба бог, пе 
Simulated Ccabat Operations Range Equipment rrcvides 
КШ Саг velocity, acceleration, attitude and air data as 
well as improved position location. When operated- in 
ccncert, the user is provided with a ranging and digital 
MeSsage-ccmmunication system for the avaluaticn of tactical 
field maneuvers. osaeeonsneoos accnona on cf Six 
types ог units are employsa which may be ОЕ ЕЕ РУ 
EDU tixed cr rigidly fixed. Information is passed through 


the system either ty means of an RF link cr by hard wir 


(0 


ШІ) ine designated RF operating £regjguency is 918 MHz and a 
Treguency bandwidth orf 10 ЯН? is used. 

Successful operaticn of the system ls dependent upcn tae 
Mere’ ccufidence that his particular requirements for 
Geverage and accuracy will be satisfied. The accuracy or 
meee RNS ranging instrumentaticn becomes a functicn of 
Eyotem—-to-vericle relationships which include  geoszstry, 
dynamics, paoysical environment, and system hardware/scftware 
sontiguraticn. и то. fOr range data may also 
Pier ггса multipath propagation ezrzects, antenna ¡pattern 
ос етисешесс, terrain Shadowing, interfering signals, or 


SS сгесеп С1 стигбапсес. 





ШИЕРІПЕЗІЗ ОЕЛЕСТІУЕ 


Presently the EMS system has dipole antennas installed 
for receiving and transmitting inquiries and responses for 
range inforgation. Since the operating frequency for these 
Ваш sessions is 91838 MHZ, the effects of the terrain prcduce 
00203 waves on the field of play and, hence, signal 
Ш =. Should the dipoles be made more directional, the 
effects cf signal nulling would decrease. A second factor 
for consideration arises in that the antennas are six feet 
in heignth and are susceptible to damage when mounted on 
vehicles and subsequently driven througha high underbrusn or 
beneath trees. An alternate aprroach 15 tc investigate the 
5161 11%у СЕ 451109 circularly polarized antennas te change 
ЕНСЕ signal nulling  coaponents. Further, these antennas 
ШІП тәсі: in a lower antenna profile a£fcrding а  lcnger 


antenna strvivability. 


The ckjective of this work was to examine the possible 
Шэ- сп or cirewlarly  pclarized antennas into tke RMS 
system for use on grcuná vehicles. > песо гласа ву, helical 
antennas were identified for study as they yieid compcnents 
With the desired polarization. Antennas were designec an 


а 
ШОО СО С еа Тос Бота the axial and псгпа! modes Naeh 


emphasis placed upon selective location or main lobes in the 
antenna field patterns. Finally, the antennas were 
e¥alueted cr enhancement oí the operating реггогвапсе of 


the RMS systen. 
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lis 
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А. INTROLUCTION 


ines helix 1S a fundamental gecmetric form. As such, it 
has many applications in several branches of physics and 
engineering. For example, іп mechanical enginserinc the 
НЭГ сс: ccil Spring iS a common device; in electrical 
ВЕЕТ the helical coil or inductor 15 a typical circuit 
element; and in dynamics, particles cften flow in helical 


MENE ternas. 


The thecretical investigation ОГ helical antennas is 
НЭГ косип ап й сошр|ете (21, 131. These  artennas méy Бе 
regarded as the connecting link between the Linear antenna 
and the lcop antenna. The helical antenna is thus the rasic 
form of antenna of which the linear and lccp antennas are 
Special cases. ее па ва 1х “or fixed dlameter 
ccllapses tc a loop as the spacing apprcaches zero and a 
WENA Of Г1хе@а Spacing between turns straightens out irtc a 


mear ccnductor as the diameter approacnes 2sro. 


NODES OF RADIATION 


Helical antennas are capable oi radiating in several 
mcdes. The two most common modes are the axial mode ard the 


normal mode. These twc modes are most apprcpriate for 





ШШ Ссас1сп in the KMS system and, therefcre, will fcrm the 


Lasis fcr designs. 


wee Axiel Mode 


инээ. Гог “шоссе of radiation the 11612 15 
Unazea in the dirsction ot the helix axis ard the 
EuEiZation is circular. This srode is generated when the 
helix circumference is of the order cf cne wavelencth. 
Mere are two unique and outstanding characteristics of this 
ncde. First, for a given helix, this mode is stable cver a 
ш-шастуе | у wide rrequency range (31. Since the antennas 
must be functional cver a 10 MHz bandwidth, this feature is 
Very desirable. Secondly, the axial or bean mode can Бе 
produced witk great ease. Because the actual dimensions for 
tnis mode are non-critical, a helical beam antenra is cne of 
Mme Simplest types cri antennas to construüct. Axial mode 
radiation patterns may be formed from helices of urifcra 


moss Secticn or from helices which are tapered. 


шаса normal mode of jkrcradiaticn, the f£iela is a 


s and, 


нь. 


Шин in a directicn perpendicular to the helix ax 
Lor a certain relationship between tne spacing between turns 
пиши све diameter, the field is  circularly polarized. TOL 
the normal mode the dimensicns of the antenna must t 

ccmpared to the wavelength (2j. This requirement au 
Wet аз the physical dimensions are more critical for this 
case than for the axial mode. If these critical dimersicns 
are not met, bandwidth and antenna efficiency suffer greatly 
Биг сле rssulting radiator will degrade the performance of 
the transpcnder. Normal mode helices are ofter not 


practical and incorvenient. Some larger ncrzai mode helical 
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antennas require phase shifters placed tetween successive 
ENS іп order to faintain uniform, in-phase current 


we tributions. 


GEOMETRIC DESCRIETION 


Helical shapes are frequently used in scientific and 
engineering  endeavors and are therefore ccmnonplace. then 
Need an the capacity ot a radiating structure, the physical 
dimensions cf the helix dictate the type cf mode which will 
appear. With tne paysical dimensions playing such a кеу 
role in the helix, an antenna can be described using three 
parameters; the diameter, the number of turns and the pitch 


angie. 


When specifying the helix diameter, this dimensicn is 
normally measured in free-space wavelengths. The diameter 
is measured from center to center of the material used in 


Ше construction of the helix. 


шие пошБес об turns appearing in a circular helical 
antenna assists in determining several aspects of the 
 ғпцпа Characteristics. First it has an influence оп the 
айде Of the structure. AS the number of turns increases, 
B cohysical length oz the antenna increases also. More 
шизагевап ду, the number of turns has a prcfcund bearing on 
the field састегп when the axial radiation ucde is desired. 
Nucodayrectivity oz the antenna is proportional to tae runber 
EN Urns cf the helix and inversely proportional to tae 


beamwidth between the half-power points. 
ООО ШОШ О е Of the helix also is a factcr in 


ШЕШІП the physical size cf the antenna. Small gicch 


angles yield long helical antennas. The paragretsrs 


йл! 





determining the pitch angle include the spacing between 
successive turns, the helix circumference and the length of 
ENG turn. Combinaticns of these parameters in a <1пр|е 
Eythagorean relaticn result in the determination of the 
Bech angle. When the loop spacing is zero, the pitch angie 
is zero, and the helix becomes a loop. On the other hand, 
when the diameter is zero, the pitch angie is 90 decreés, 
and the helix becomes a linear ccnductor. ЕУ “Varying tne 
etch angle, the helical antenna сап Charo IES 
BEEDuscteristics from a sinple 1000 to a helix operating 
first in the axial mode then in the Deam mcde and, firally, 


ING lincar conductor. 


г. SCING- CIRCUMFERENCE CEART 


The design of helical antennas has been sinplifiec when 
ЕШ spacling-circumference chart 15 utilized (3). Inis 
design aid allows опе to quicxly determine the critical 
values of the antenna parameters. The chart 1S constructed 
in such a manner that it can be utilized xncwing either the 
Erzeima CE Circumference in wavelengtas or the length cf one 
Bun in wavelengths. Regions are marked on the chart 
indicating where the antenna parameters will combine to 


yield beam mcde or normal mode radiaticn patterns. 


The Sracing-Circumference Chart is reprcáuced and shcwn 
as pig 1 The ordinate axis represents loops while the 
Meisel ssSa axis represents linear conductors. The remaining 
area between the two axes represents the general case cf tne 


helix. 
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EGROUNL PLANE REQUIREMENTS 


Paes tncluszon Of a ground plane ог reflecting surface 
SES the radiation in being focused in a specific 
direction. Ground planes may aprear in several forms with 
the usual reflectors beinc sclid plate, resh screen, or 
spoke type. For experimentation purposes, the ground rlanes 
enployed with the helical antennas were the sclid plate type 
ВЕ as a square.  Ortimization of the reflector  striíace 
size invelves changes in the reflector dinrersions and this 
was most easily accomplished when working with rectangular 
shares ширэг ad Ос спе usual circular fcrms. Artenna 
Patterns obtained frcm helical antennas radiating cver 
sguare reflectors yielded field patterns with additicnal 
sidelobes. Тһе appearance of these  unexrected  sidelcbes 
resulted frcm the additional reflecting material located at 
ED corner or the reflector which 15 nct present in 


em cular ground planes. 


Ground planes for helical ant¢nnas should be at least 
Ene-chalf wavelength in diameter [2]. The helix is crperatec 
EnEconjupncticn with the ground plane and is energized Еу а 
БЕШЕ ЕІ 9198 coaxial transmission line. The inner ccncuctor 
or the line términatées in the helix and tne cuter  concuctor 
terminates in the ground plane. Such an arrancenent 
necessitates an insulator being placed between the reflector 
and the vehicles which are the support rechanism fcr the 


Medical radiators. 
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ELANCLCE MATCHING REQUIREMENTS 


The requirement for matching the design antenna sith the 
RMS system was dictated by the transmission cables currently 
used. The cakles presently installed are RG-58C/U which 
have a characteristic impedance of 50 ohms. Baluns were 
Genstructed to accomplish the impedance matching in which 
the impedance step-up ratio was 4: 1 [4]. The lendti of 
the Гаіпп was one-half wavelength modified by a factor 


accounting fcr propagation through the transsission mediun. 


fee ANTENNA SEECIFICATIONS 


ш со antennas can exhibit а Significant advantage 
over the dipcle antennas presently used in the RMS system. 
This advantage je realized waen the transtitted 
electromagnetic energy is distributed in directions where 
known A station interrogators are located. Ihe implication 
here is that little RF energy will be radiated in directions 
where there are no A units positioned and will reduce the 
Bereerollity ci RF energy contributing to multipath effects. 
analysis of the terrain features at Fert Hunter Liggett 
indicates that antenna field patterns directing energy 
ward at ап elevation of 10 to 15 degrees should be 
EUNricient fcr the main 10065 to pe directed at the А 
Stations. Elevation angles for the main bean лау be 
ВЕНЫ тео through proper antenna design considerations 
Mempled witk che reflecting advantages which a ground plane 


“ОШ provide. 
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Two antennas were prcposed which demonstrated the 
flexibility cf the helical antenna. The first desigr was 
шазва upcn the formal mode cf  radiaticn. This ос тєр 
employs cnly оце antenna with the Bar cen being 
Omnidirectional in the E phi plane. The antenna should be 
lccated in a prcminent position cn top of a tracked vehicle 
cr other grcund vehicle. The second design employs several 
small helices in the axial radiation node all located around 
mtemevenicie and tilted slightly at an angle of 10 tc 15 
degrees. Depending upcn the 3 dB beamwidth, 3 to 5 antennas 
wuld adequately; cover the vehicle. With che antennas 
located at the periphery of cr tbe vehicle, a power splitter 


would be required to feed the antennas. 


The first design was attained by choosing antenna 
parameters slightly outside the well-definec region Ісі the 
Heal radiaticn mcde. This slight deviation allows the 
ВЕ Dattern to have conical lobes. Further, when utilized 
with a grcund plane, these conical lones аге elevated  atcut 
15 degrees above the horizontal with the antenna in tne 
Vertical fesition. To achieve this result, the antenna had 
ШИШЕ CULES, a pitch angle of 24 degrees, aná a circumference 
of 1.25 wavelengths. These parameters produced a helical 
antenna whose radius was 6.5 cm and whose vertical h2ight 
ENS cs. The 3 dB beamwidth or the main Icke in the theta 
EeeeeeGticn СІ the E field is 23.05 degrees and the terminal 
Mesastance cr this antenna is 175 ohms. 

The design utilizing several helical antennas results in 
an antenna which was sigrificantly smaller EA size. 
Parameters were selected for this antenna such that thé 
transmission mode was located in tne axial region of the 
Spacing-Circumference Chart. Tħìis antezna produced а 
ENUsStantaal rain lobe along the axis with twe significantly 


smaller sidelobes at the antenna rase. TO achieve tnis 





Ateca, tae ПпӘ11Хх again had four turas but the pitch angle 
was reduced to 12 degrees and the circumference reduced to 
.85 wavelengths. As a consequence, the overall size of the 
axial mcde antenna was greatly decreased when compared to 
the normal mcde antenna. The radius of the axial  mcde 
enna is 4.4 cm and its height is 17.5 ca. When lcoking 
Acne theta plane of the © field, a 3 dB beamwidth cf 68.4 
degrees was attained. The radiation resistance was 
calculated to be 119 ohms. With a beamwidth of nearly 70 
degrees, at least four and perhaps five antennas will be 


required for adequate coverage of a vehicle. 


wending the  aprplicaticn of helical antennas from 
vehicle mcunting to helmet mounting has Leen suggested. 
Individual raneuvering personnel alsc require the benefits 
ic cular polarization. The normal acde helical artenna 
With its field pattern seems correct for use with perscnnsl. 
However, the physical size of the antenna and its associated 
ground plane make it totally impractical fcr either helmet 
Hemme ing Of positioning in scme fashion atcp a back pack. 
Ihe smaller axial mode antenna has the correct physical size 
Бог use with personnel. The degrading factcrs in this case 
are that several antennas must be utilized in сгдег to 
achieve adequate coverage and, more importantly, the tain 
Мосс direction with respect to the helix axis is not 
onrecL， FIC" these ccnsiderations, use of seither helical 
шша-пиа as а Teplacement for the current helmet acunted 


dipole antenna wiil not be recommended. 


Ша сопсере с: radiaticn resistance and ohmic lesses 
were used to arrive at a value for tne efficiency of the 
antennas. Е ее 157 13:14:54 to the ecwer 
pug drissipated [6]. Heat losses detract from the total 
power available for radiaticn and thersfcre reduce antenna 
peer iciercy. In general, radiation resistance C be 


expressed as the ргсдис cf a constant and an antenna 
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parameter. The ccomcn feature of the antenna parameter is 
С it usually is a linear dimension cf the artenna 
expressed in waveiengths. Fer the case of helical antennas, 


the radiation resistance can Бе expressed as [2] 
ETE Cis ir wavelengths. 


Reducing the radiating efficiency are those factors 
Echo ccntribute to heating. Heating  lcsses, or chmic 
lcsses, are associated with the material preperties of the 
antenna. Mie GCleGtE Gal resistive value ісі соррег іс 5.92 
Microhms~ca and the value for aluminum Sheet metal is 5.75 


umcrohms-cm [5]. 


in additicn to pure material losses, other losses must 
meso ре taken into account. Losses result from sach 
insertion of a coaxial cable  connector/adapter irtc the 
transmission pati, propagaticn through the semi-rigiä 
al Cable and alsc from the physical union cf the 


radiating element with the ccaxial feed. 
Semoutimg bota the radiation resistance and "the chaic 


lossss results in the efficiency values or 51% fer th 


Mem@al mcde helix and 57% for the axial mode helix. 
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ANTENNA CCNSTRUCTICN 


WO helical antennas were constructed adhering tc the 
established specifications. Both antennas were considered 
аз protctype, experimental versions of a future artenna 
SUitable for rapid assembly. Accordingly, the fabrication 
and basic design was fcrmulated so that antenna ground rlane 
 ШЕпсіспе ссоиіПа be reduced for testing purposes without 


having tc construct a separate antenna. 


The radiating element was formed from 1/4 inch  ссррег 
mbing. ей еще соррес tuting was selected as it could be 
easily shaped into а helix without defcrmétion cf the 
ШО due to ccmpressicn at the intericr of the felix. 
perl tubing also was an excellent interfacing material 
ШЕП (16 сс11-гісій ссахізі cable which alsc was constructed 


ET ссррег. 


supporting the helix was a center secticn of 
memeconducting plastic tubing. Attached tc the cycliindrical 
эс tube were 1/2 inch clastic spacers which prcvided 
tre helical element with a mcld for maintaining the  ccrrect 
Momus tcr the radius. The spacers were attached to the 
ЕШРЕОгГЕ Structure with epoxy. Likewise, the radiating 


element наз гспдед to the spacers with epoxy. 


RR. pelare was constructed Tron 1/32 irch aluminum 


sheet metal. With the ground plane rigidiy attached tc the 


13 





helix, changes in the ground plane size were quickly made as 
the reflecting surface was a square instead of the usual 
em ular disc surface. Initially the size cf the reflector 
was two wavelengths long and was gradually reduced urtil a 


desired field pattern resulted. 


Semi-rigid, unshieldeóG coaxial cable interfaced with the 
system's RG-58/U coaxial carle. The unshielded cable was 
attached beneath the ground plane and its center element 
connected to the helix. This arrangement allowed the helix 


and the ground plane to be driven by the unshielded cakle. 


meee ELANCE MATCHING TECHNIQUE 


The antenna design must also permit a ralanced 
ШЕгГасіпа of each antenna with the AMS system. The 
mmeentance Of this consideration rests in kncwing that cnly 
a small percentage ci the transmitted power actually gets 
reflected back intc the transmitter. A balun was built as 
specified in Reference Ч whose function was to effect a 
smocth transition when the signal passed the untalanced 
transmission lire-radiating element interface. The balun 
assembly was connected such that the center feed cr tne 
coaxial cable would drive the radiating element ard the 
Ба! ип feed wculd pe grcunded to the reflecting plane. I 
was necessary to insulate the ground reflector surface and 
the radiating element £rom ccntact with any cther portion of 


uec b5Dalumn cr coaxial cable. 


шоогоо 12110105 were round fcr both antennas 
utilizing the HP 8410S Microwave Network Analyzer System as 
depicted in Figure 2.  VSWR's were found over a range cf 10 
MHZ centered around 918 MHz. The results were plottéd on 


win Charts and included in Appendix A. Testing indicated 
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Мо спе variation of VSWR was from 1.1 tc almost 1.25. 
Further testing resulted in the discontinued use cf tne 
Falun aS no Significant benefit was derived from its use іп 
reducing the standing wave ratio. At several test 
frequencies, the VSWR was actually lower withcut the kalun 


ccnnected. 


The HP 8410S was particularly well suited for this 
MaveselLgation. This system has the capability of displaying 
ENEUUStantanecus Smitn Chart reading which can quickly be 
ШОШ ег га tc a standing wave ratio value cr be used fcr a 


EEcrurnaticn ог? the reflecticn coefficient. 


IN ЕТО Г PATISRN IZSTING 


mean cozpletion or the ccenstructiom ot: each antenna, 
ШЕШ ШЕІСасіспі of the theoretical electrcsagnetic field 
EDEacteristics was accomplished by recording the field 
patterns cf ¢€ach antenna. A small antenna range was used 
where the separation distance of the transmitting arténna 
and tne receiving helical antenna was in excess of six 
wavelengths. Ihe patterns recorded, therefore, were tne 
far-field patterns of each antenna. Care was exercised tc 
insure „лас both receiving helical antennas anc the 
punsmuitting dipoles were the sage vertical distance fron 
Ic grcund. Fürtner nor va со: со THE mountings of 
tae helical antennas were nade іп order that they pe 
parallel tc the transmitting antenna and perpendicular to 
Ba ground. Сасе іп pcsition for testing, the antennas were 
again checked to see that no misalignnent or tiltirg had 
Seeurred while the antennas were rotated inte positicn. The 
antenna range used for obtaining the field patterns is shown 
ШІ Figure 3. Included in the споссагари аге the 


transmitting dipol=e and the receiving neiical antenna. 
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Irregular and cyclic variations sometimes appear in the 
EE Ud patterns of the antenna under test due to ground 
reflections БӘРІ; А common remedy tc eliminate the 
nonuniform field at the receive antenna is to  eurloy 
conducting fences to shield the antenna under test frcm any 
radiation reflected frcm the grcund. Conducting fences were 
not included in the antenna range as the antennas were 
mcunted high abcve the reflecting surface on fedestals. The 
eroded  tield patterns were vcid of any significant cyclic 
EE Iregular field fluctuaticns attributed (5/6) creana 
reflecticns. As indicated earlier, the additional sidelckes 
present in the field patterns were attributed tc the 
КООШ Спа1 surface area of the square grcund plane which 


norzally has a circular shape. 


meld patterns were recorded only during the mid-mcrning 
hours. At this time of day the wind strength was minimal 
огч few sudden variations or oscillatory changes in 


antenna pcsition. 


Наэ! Patterns were drawn using the Scientific- atlanta 
Model 1533 Pciar Recorder. The recorder gain was adjusted 
to yield daxin un deflection BOE ENS: Brineisle. and 
EEUU ficant sidelobes prior to recording. A line attenuator 
was alsc included in the recording scneme to allow 3 dB 
meer ions in the cean lobes to ke located. nd виа 
ШЕШІ beamwidth pcints were drawn with the polar recorder 
ЭГ а clockwise directicn. Early use or the pelar 


recorder indicated that scme play in the ge 


ч 


а 
wy restricting the moticn of the reccrdiny 


mee tc Orly One direction, the error due to slack in the 


а f£ j 
(D 


1 
ear train was eliminated. 


Red Batterns МЕРГЕН ст the theta anc phi 
f = 
er 


ЕСО. goth directions were the principle planes of 
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interest and are defined as such by Kraus in reference {2}. 
Ihe field patterns were recorded With the transmitting 
dipole antenna stationary and the receiving helical antenna 


rotating at a slow, uniform rate in tae designated plane. 


Testing of the two helical antennas was extended from 
the antenna range to Fert Hunter Liggett where the Range 
Measurement System is currently operating. Evaluation of 
the helical antennas was conducted on two separate occasicns 
Uu widely varying Environmental conditicns. The first 
EEDUUStIChn period occurred during the sarly afternoon with 
temreratures averaging 30 degres Fahrenheit. Ihe 
interrogating A station was the mobile A unit and the 
Ending player unit was the mobile E unit. Ranging 
EN св его transmitted to the B uni- located from 600 to 
EU meters from the A unit. Included within the range 
variation was an elevational Varieticn. With the 
interrogating A unit located atop a ridge, test sites 
included transmissions over a small tree to the В unit in 
the valley below and also across the valley to a test site 


located at approximat3ly the same elevation. 


A seccnd experimentation period was scheduled durirg the 
evening. This a££crded the experimentez an cpportunity to 
EE ve the system coerating under dirfsrert proracation 
d 


(b 


TIONS fcund only at night. Evening temperatures vari 


eT 


between 55 and 60 degrees Fahrenheit during the test pericd. 


ND -EUDnterrcgating unit was a hard wired, fixed A staticn and 


МО teceiving unit was the mobile B unit. Тһе location of 


LJ 


HELENA staticnh was again atop a fridge. All ans M sc 


positions were beicw the elevational level cf the À station. 


Mie test configuration сЕ each antenna is shown in 
Figure 4 and Figure 5. A tripod was used to support the 
h¢lical antennas and permitted the antennas to be evaluated 


at heights cf 36 inches and 72 inches above ground level. 
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An insulation material was placed between the ground plane 
of the helical antenna and the tripod. It was necessary to 
provide this insulation since the semi-rigid coaxial cable 
ET exciting both the ground plane and the helical copper 
element. During both testing periods, several B units and 
several special coaxial cables for B unit to helical antenna 
connection were available. Testing was then able tc Бе 
conducted using combinations cf B units and system catles 


meemevaltaticn or the helical antennas. 


B unit test site lccations were selected to test several 
ВЕ Cl the clircuiarly pclarized helical antennas. Some 
lecations were chosen as foliage was directly ir the 
transmission path between the interrogating unit and the 
ЕСЕР Оша пао B unit.  Circularly polarized transmissions cculd 
then be evaluated against linear polarized transmissiors in 
the presence of a naturally occurring attenuator. &ithin 
E Nlocaticn, the anc-:enna height could be varied usinc the 
BE Eod thus ээ 21022 0П170оШа-10Пп0 сопсесвілпа multipath 
efrects due to slight changes in height abcve ground level. 
All tactical tracked vehicles experience this type of motion 
while maneuvsring through open, rolling terrain. By  mekiug 
ШОО СК Changes in the elevaticn of che resrcnding E units, 
эс evidence of multigathing cculd ke observed if 
Signals reflected from the valley floors were interacting 


ШЕП спе line cf sight transmissions. 
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IV. PRESENTATION OF D 
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TELL PATIERN RESULTS 


Field patterns octained frem the antenna range testing 
verified the thecry of helical antenna desigr as postulated 
by Kraus. Ше 10101012 оо “the сійеісбес was  ccrrect 
ВОО additional  rodification of the eumd plane 
dimensions was required in the case cf the normal ıcde 
ета. in additicn to verifyirg the field pattern for 
each helical antenna, it was cbserved tnat cne quadrant of 
the field pattern was attenuated slightly frcm that which 
Was expected. This characteristic of the antenna rance was 
verified using dipcle antennas as a reference and okserving 
this same phenomena over a »ide range cf frequencies. This 
HEPraticn was attributed tc structures  lccated a short 
distance from the antenna range and not considered a pert of 
the antenna range test configuration. Additional аз регас 
and several different frequencies were used to insure that 
the source ol the antenna field pattern asymuretry as not 
due to the radiation characteristics of one cf the antennas 


under test. 


The results of testing the normal mode telix in 
0-88 gain with an 8 dB gain margin іп the theta plane 
суег the system's dipole antenna presently used for 
transmissicns from tracked vehicles. Almost the entire gain 
increase was achieved through focusing a maximum of 
transmitted energy in directions of expected A station 


ll cations. [MEO Gere to achieve tails result, the direction 
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che сис nain lotes in the theta plane had te be 10 tc 15 
degrees abcve the Ber rzontal, Normal mode antennas 
radiating with these characteristics would allow coverage to 
DEM 111015 Located cn distant ridge lines as well as to 
interrogators positioned close to the same elevational level 


as the B unit transponders. 


Initial field patterns indicated two main lobes  lccated 
approximately 170 degrees apart and projected outwarc from 
the antenna. Tne size cf the square ground rlane reflecting 
the radiatıcn was спе wavelength (32.68 cm) long. This did 
not yield a suitable firing angle for the sidelobes when 
viewed in the theta plane. The respective size cf the 
radiating nelical element witn respect to the ground plane 
suggested that not encugh of a reflecting surface was teing 
Seem oy the radiaticn. A design modification was then 
introduced «hereby the dimensicns of the reflecting surface 
sides was doubled thereby increasing the tctal surface area 
Ea factor of four. Testing cf this configuration showed 
that the desired sidelobes were now directed vertically with 
AO degree separation. A Square reflector of length equal 
tc two wavelengths provided too much projecticn angle alcve 
the Horizontal. Successive trimming of the reflector 
dimensions brought the sidelobes pack tc an accertatie 
База топ. The optimized reflector side length was 1. 75 


wavelengths. 


The dimensions of the reflecting surface were critical 
IOr as a threshold length was reached, an abrupt, major 
change in the antenna pattern resulted. Passing tne 
threshold transformed the antenna from а dcuklie-lobed axial 


Iu LCadiator to a douktle-loked normal mcde radiator. 
The beamwidth or the sidelobes in the theta lane 


M@empared well with the theoretical values. The Cssign 


cbjective was a beamwidth of 28.05 degrees Fut the achieved 


30 








Eeanwidth was somewhat larger at 34.5 degrees. A rearly 
Born field pattern was achieved in the phi plane. Slight 
 псастопв in the field pattern occurred at approximately 


120 degree intervals. 


Mae” resulting field patterns also indicated that the 
square reflecting ground plane produced fewer irregularities 
in the chi plane than in tke theta plane. With additicnal 
reflecting surface area located in the ccrners of the 
reflector, several small sidelcbes appeared which were not 


anticipated. 


Examining the field patterns of the axial mode antenna, 
one finds a highly directional antenna. A gain margin cfr 14 
dB was  achisved in the theta plane over the dipole antenna 
cf the tracked vehicle. The magnitude of the gain advantage 
Mie cected since the radiation had been confined to a 
small sector of interest. Тһе beam mode design called fcr a 
Single |сре to radiate axially witha a half power beamwidth 
cf 63 degrees. A slightly srallier beamwidth cf об degrees 


was actually achieved. 


Mo eld pattern difficulties arose in ccnnection with 
the size of the ground plane. A length cf cne wavelength 
was used for the length of each side of tas reflector. En 
contrast to the normal mode helical antenna, the axial mode 
Aena was cnly one third as tall and atout one halî its 
size in circumference. Consequently, the radiating energy 


interacts with a much larger relative suriace area. 


One additional okservation was made during the artenna 
range test séguences and that involved the uniformity cf the 
meld patterns while the helical antennas were being 
rotated. In all cases the transmitting dipole antenna was 
Stationary and the receiving helix in mcticn. Develczing 


Ecth theta and phi field patterns required revolvinc tke 
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Ec abcut two different axis of rotaticn. The sirplest 
EEUEYyon cccurred during the phi plane pattern test and 
involved circular motion about the central axis cf the 
helix. When the theta patterns were taken, the antenna 
rotated with its helical element parallel to the crcund 
surface. In this configuration the large reflecting surface 
acted as a sail in catching the slight breezes causing зспе 
vertical  uction. Since the helical element was in a 
memmezental position, the moment arm action cf tne helix also 
Semeecm@outed tc the vertical cscillatory acticn. Sones ison 
cr patterns taken with no wind and those taken with a slight 
breeze acting upon the antennas indicated пс deviaticrs in 
the field patterns. These findings of antenna field pattern 
response under conditions СЕ a nonstaticnary Paden ce 
indicate that the helical antennas should be suitable for 
inclusion on tracked vehicles which are maneuvering or the 


ШОС Of flay. 


ШИ 1-1 RESULTS FROM FORT HUNTER LIGGETT 


Field pattern results obtained from the antenna range 
tests indicated that each helical antenna was radiatinc in a 
configuration which would enhance the cperaticnal efficiency 
CI the Range Measurement Systen. Further testinc was 
memdudeted at FOrt Hunter Liggett to measure the effect of 
integrating the orototype helical antennas into an 


cp=rational envircnment. 


Iwo transmission test periods were conducted in 
Bennuncticn with experiments determining the effects of 
IN рабраца which introduce range errors and degrade the 
System's реггогшапсе. The corditions [cr the test pericds 
were Giverse and included testing during nid-day аз well as 


during the evening. fhe interrogator A staticn used fcr the 





daylight experiments was the mobile A station and was 
positioned at Camp Rcberts. For the evening experiments, a 
Fixed position A station was used and its location was at 
Fert Hunter Liggett. Mobile B units were used to respcnd to 


the interrogating signal during Loth experiments. 


Responses at the A staticn during the daylight tests 
«hen the dipcle antenna was used were sporadic at best. The 
received signal would yield a ranging pulse rut a sustained 
response could not ге maintained. After exchanging the 
axial mode helical antenna fcr the dipcle, a ranging pulse 
“as obtained and maintained. The characteristics cf the 
pulse included a rapid rise and fall time tc and from the 
designated voltage level. During the ranging interval, the 
Shape of tke pulse remained essentially Eeerangular. 
Ranging inicrmation was received at both the 72 inch and tae 
Sememeh transmissicn level of the tripod fcr the helical 
antenna. Identical results were obtained when the nermal 


ncde antenna was used. 


Test site lccations for the dayluigat experiments 
included positicns telcw the elevational level of the A 
Station as well as test sites at or about the same elevation 
сп an adjacent ridge line. in eaca case only the helical 
antennas alicwed a range pulse to be ortained. Calculations 
made during these tests snowed that at least a ó dE gain 
advantage for the helical antennas acccunted for the 
successful transmissions when free-space attenuation was 
considered. Later experimentation inte the area, of 
miei pathing resulted in the discovery that the B units were 
ішргорегіу calibrated. Even though tests were ccncuc-ed 
er equirmernt deviating from ccrrect caiilbration stancarcs, 
the gain advantage of the helical antennas over dircie 
ea was sufficient for the receipt of  ccrrect ranging 


Mama tien. Test site distances were confired te 600 
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meters or 12C0 meters from the A station during daylight 


experimentation. 


Tests conducted during the evening met with limited 
success due to faulty B unit transrcnders. Range 
Accra tico was obtained only during the initial porticn of 
the test time period but the results were again similar to 
the daytime experiments. It became apparent that high gain 
helical antennas with specific directional properties cculd 
enhance the system's operation when RMS equipment was 
operating үргсрегіу ада could also provide a safety margin 
enakling the system to continue in operaticn with marginally 


calibrated equipmert. 
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Ve AC ONCLUSIONS 


Жш me cme осшщ: эш ae eee 


The choice of an antenna is one decisicn which must be 
made by all systems engineering designers. Factors which 
пиеси спре ultimate decision include simplicity of foro, 
functional capability and impact on the system as a whcele. 
Lipcle antennas meet the criteria of sinplicity and 
Eeemonal capabllity but fall short of design expectations 
when their effectiveness is considered as a radiator fcr the 
Range Measurement Systen. Unigue terrain features 
associated with the Fort Hunter Liggett test area detract 
Significantly from the performance of dipole antennas. 
ша шезса 1 1, radiation is directed towards lccations where 
few A stations may be expected to be located and, hence, 


reduce their erfectiveness tc the systen. 


Simple antennas can be designed tc replace the vehicie 
dipole antenra and increase the radiation effectiveness by 
selectively ¡pointing the antenna beams in directicns of 
вату Erckable A station  lccations. Such antennas are 
hesicail antennas of which either the axial mode or rormgal 
mode may ke selected. Each helical antenna has a gain 
advantage cver the vehicle dipole. The physical size of 
each helix is small to permit a low antenna profile іс be 
achieved. Ihe larger normal mode helix can be mcunted 
Meetacatly in a rear cecrmner cr the tank turret while tne 
axial  acde antenna must be mounted at the periphery cf the 
tracked vehicle. aA configuration employing the axial псае 
HEX requires Tour antennas to be installed. Each axial 
ООУ шие Es pointed cr directed such chat an angle сї 15 
degrees is achieved between tne helix axis anc the 


merizcntal. 


ED 





The 


design of tne antennas also permits rapid inclusion 


Of the helical antennas into the RMS telemetry system at 


Fort Hunter Liggett as the helical antennas are impecanced 


matched 


ЗО ona coaxial cables. 
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О1гес 1 спа! helicai antennas provide Letter service to 
the RMS system and are suitable replacements for the vehicle 
dipole. Results of testing and experiments conducted to 
BExecreflect this superiority but certain additional testing 
Should Le conducted. п ааа стопа test period: shculd 
include FEerEtcrnance studies of the antennas mounted and 
radiating cn tanks while the tracked vehicles are 
Maneuvering cn the field of play. Data can Ete accumulated 
reflecting the vikrational effects and the jarring ucticns 
of tanks cn tne antennas. This same test period should Бе 
ccnducted with a protective covering or sleeve encasirg the 
helical element. These structures are somewhat fragile and 
a transparent radome wculd assist in prolonging the lifetine 
of the antenna and decreasing tne requirements for daily 


Пар П еепа псе. 


The ganufacture ci the heiacai elegent and its 
НӨ славей support structure is not difficult. This design 
benefits frcm the noncritical aspect or the tolerances of 
the physical antenna parameters in order fcr achievement of 
the particular mode of radiation desired. Fach antenna 
design is designated on the Spacing-Circunference Chart as 
nct being delicately balanced between the axial mode ard the 
normal псде patterns. Slight deviations frem the sugcested 
antenna dimensions will not froduce significant changes in 
the antenna pattern. ВЕС, Sligne dinenscicnal. variezions 
«iil not result in widely fluctuating SWR values as the 
testing cn the Netwerk Analyzer showed a stable rarge of 
Membecticn Ccefficient values over tne 10 MHZ frequency test 
Land. 





Во-нелешопа ог спо ахта)! mode helix array arounc the 


memapnery of the tank is depicted in Figure 6. 
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APFENDIX A 


Ser fn Glas 


шиансселса Coefficients are plotted on Smith Charts for 
each helical antenna. Values for K were obtained over a 10 


MHz bandwidth directly from the Network Analyzer. 
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EN В 


DA DANS 


polar field plots are presented aere. Recordings were 
cktained or each helical antenna showing the theta ard phi 
memes patterns. The Scientific-Atlanta  dcdel 1533 Pclar 


Recorder was used tc plot the field patterns. 
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